A novel bacterium, designated as strain AM134
The genus Microbulbifer in the family Alteromonadaceae was first proposed with a single representative, Microbulbifer hydrolyticus IRE-31 T , which was isolated from marine pulp mill effluent enrichment cultures from a paper factory by Gonz alez et al. [1] , and this strain was reported to utilize a variety of hydrocarbons. Other species of the genus Microbulbifer such as Microbulbifer agarilyticus, Microbulbifer chitinilyticus and Microbulbifer mangrovi were reported to show degrading activities on polysaccharides such as agar, chitin, starch and cellulose [2] [3] [4] . Also, most of species of the genus Microbulbifer were isolated from various marine environments [5] [6] [7] [8] . The cells of most species of the genus Microbulbifer possess a rod-coccus cycle in their growth phase and are Gram-stain-negative, strictly aerobic and non-motile [9] . At the time of writing, the genus Microbulbifer contained in total 20 species including Microbulbifer rhizosphaerae [10] .
For application of the algal polysaccharides as effective industrial sources, enzymic degradation of algal biomass is required [11] . To date, many algae-degrading enzymes, such as glycoside hydrolases and polysaccharide lyases, have been discovered from seaweed-associated bacteria [12] . The sea urchins are known as algae-eating organisms, and various alginate-degrading bacteria have already been isolated from the gut of the sea urchin Strongylocentrotus intermedius and the abalone, Haliotis discus hannai [13] . Therefore, the investigation of bacterial symbionts in the intestinal tracts of sea urchins was a proper choice for advancing the application of algal cell-wall biodegradation. For studying bacteria in the gut of the purple sea urchin, Heliocidaris crassispina, we carried out culture-dependent bacterial isolation from the gastrointestinal tract of Heliocidaris crassispina. A Microbulbifer-like strain was isolated from the gastrointestinal tract of Heliocidaris crassispina. The present study describes the taxonomic characterization of this Microbulbifer-like strain, designated strain AM134
T , based on polyphasic analysis, and suggests that the isolate represents a novel species.
The purple sea urchin, Heliocidaris crassispina, was collected from the eastern coast of Dokdo, Korea, in July 2013. The intestinal tract of Heliocidaris crassispina was detached, homogenized and serially diluted 10-fold with sterile filtered PBS. Aliquots (100 µl) of each diluted sample (diluted 10 À1 ,
10
À2 and 10
À3
) were spread onto marine agar 2216 (MA; Difco) and incubated at 15 C and 25 C. After 3 days of incubation at 25 C, strain AM134 T was isolated from the 10
À1
-diluted sample, and repeated subculture was used to obtain a purified isolate. The isolate was suspended in marine broth 2216 (MB; Difco) containing 40 % (v/v) glycerol and stored at À80 C.
After the 16S rRNA gene sequence of the isolate was obtained by colony PCR amplification, phylogenetic analyses of strain AM134 T was performed. Cells from a single colony were picked and added to PCR Premix (iNtRon Biotechnology) with two universal bacterial primers: forward 8F (5¢-AGAGTTTGATCCTGGCTCAG-3¢) and reverse 1492R (5¢-TACGGYTACCTTGTTACGACTT-3¢) [14] . The 16S rRNA gene amplicon was sequenced using a BigDye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems), according to the manufacturer's instructions. The reaction mixtures were analysed using an automated DNA analysing system (PRISM 3730XL DNA Analyzer, Applied Biosystems). The sequence fragments of strain AM134
T were assembled using SeqMan 5.0 (DNASTAR), and then the assembled near-full-length 16S rRNA gene sequence was compared with the sequences of type strains in the EzTaxon-e database [15] . The comparison results showed that strain AM134
T was closely related to members of the genus Microbulbifer in the family Alteromonadaceae. The isolate shared high 16S rRNA gene sequence similarity with Microbulbifer epialgicus F-104 T (98.9 % similarity), Microbulbifer variabilis Ni-2088 T (98.6 %) and Microbulbifer marinus Y215 T (96.8 %). A phylogenetic tree was reconstructed to determine the phylogenetic relationships between the isolate and closely related species. The sequences of the isolate and closely related species were aligned using CLUSTAL W [16] , and the phylogenetic trees were reconstructed using MEGA 6 [17] . The phylogenetic distances were calculated using the neighbour-joining [18] , maximum-parsimony [19] and maximum-likelihood [20] algorithms based on 1000 bootstrap replicates. The phylogenetic consensus tree based on the 16S rRNA gene sequence similarity showed that strain AM134
T formed a cluster with other species of the genus Microbulbifer (Fig. 1 C. The sodium requirement and tolerance were examined in MB medium with various sodium chloride (NaCl) concentrations (2, 3, 4, 5, 6, 8, 10, 12 and 15 %, w/v), and growth with NaCl concentrations of less than 2 % (0 and 1 %) was checked using laboratory-made MB depleted of NaCl, then supplemented with 0 and 1 % (w/v) NaCl. The pH range for growth was observed at pH 4, 5, 6, 6.2, 6.4, 6.6, 6.8, 7, 8, 9, 10 and 11 in MB, and the adjustment of the pH of MB was accomplished using 6 M HCl solution (Sigma Aldrich) and 1 M NaOH solution (Sigma Aldrich) with 10 mM MES (for pH 4-6), 10 mM TAPS (for pH 7-8) and 10 mM Na 2 PO 4 (for pH 9-11). The growth under each condition was determined by measuring the turbidity of each medium after 24 h, 48 h and 7 days of incubation at 600 nm (OD 600 ) using a spectrophotometer (Synergy MX, BioTek) following the method of Hyun et al. [21] . Growth under anaerobic conditions was verified after 7 days of cultivation at 30 C in an anaerobic chamber filled with an N 2 /CO 2 /H 2 (90 : 5 : 5, by vol.) atmosphere. Strain AM134 T was able to grow at 10-36 C, pH 6.2-9 and in the presence of 1-8 % (w/v) NaCl. Optimum growth occurred at 30 C, pH 7 and in the presence of 2 % (w/v) NaCl. Anaerobic growth was not observed. Cell morphology and colony appearance of the isolate were monitored after incubation at 30 C for 48 h. Unless stated otherwise, all experiments were carried out under optimal growth conditions for 24-48 h. The Gram-staining test was performed after incubation at 30 C for 24 h using a Gram-staining kit (bioM erieux), according to the manufacturer's instructions. The cell morphology was observed using a light microscope (Eclipse 50i, Nikon). For ascertaining that the isolate possessed a rodcoccus cell cycle, both early cultures and old cultures were observed after 1, 2, 7, 14 and 30 days of incubation at 30 C on MA. Also, transmission electron micrographs of strain AM134
T were obtained after 1, 7 and 30 days of incubation at 30 C on MA (Fig. S1 , available in the online Supplementary Material). The motility was tested using semi-solid MA (containing 0.4 % agar) [22] after incubation at 30 C for 1 week. Strain AM134
T formed circular, ivory-coloured and convex colonies after 48 h (diameter 0.1-0.15 cm), which transformed to transparent and pale brown colonies (diameter 0.15-0.2 cm). The isolate was Gram-stain-negative and non-motile. After 24 h of incubation, the cells were rod shaped (length 3.3-5.3 µm and width 0.9-1.1 µm), and after 7 days of incubation, the cells were rod shaped (length 1.8-3.5 µm and width 0.5-0.7 µm) and oval shaped (diameter 1.5-2.0 µm). The cells were almost coccus (diameter 0.6-2.7 µm) shaped at 30 days after incubation.
For genotypic characterization of the isolate, genomic DNA was extracted from strain AM134 T , Microbulbifer epialgicus DSM 18651
T and Microbulbifer variabilis ATCC 700307 T . Genomic DNA G+C content was measured, and DNA-DNA hybridization was performed for identifying genetic correlation between AM134
T and closely related species. The DNA G+C content of the isolate was calculated by a fluorometric method with SYBR Gold I using the CFX96 Real-Time PCR Detection System (Bio-Rad) [23] . Genomic DNAs of well-known bacterial species, extracted from Escherichia coli K-12 (50.8 mol%), Bacteroides fragilis JCM 11019 T (43.1 mol%), Bacteroides thetaiotaomicron JCM 5827 T (42.9 mol%) and Ruegeria pomeroyi DSS-3 T (64.1 mol%), were used as calibration references for DNA G+C content identification. The DNA G+C content of strain AM134
T was 56.1 mol%, which falls within the DNA G+C content range of the genus Microbulbifer (55.2-59.9 mol%) [1, 3] . For DNA-DNA hybridization (DDH) analysis, genome-probing microarray was employed [24] [25] [26] , and DDH values were checked on the basis of signal to noise ratios of the DNA probes [27] . The DDH value between strain AM134 T and Microbulbifer epialgicus DSM 18651 T was 27±3 % (24±3 % in reciprocal) and between AM134
T and Microbulbifer variabilis ATCC 700307 T was 15±1 % (10±4 % in reciprocal). To distinguish strains belonging to distinct species, DDH values should be below the currently accepted 70 % threshold [28] [29] [30] . The results of the DDH analysis showed relatedness values of less than 28 %. The genotypic analyses suggested that strain AM134 T is a distinct genomic species from both Microbulbifer epialgicus DSM 18651
T and Microbulbifer variabilis ATCC 700307 T [30] .
To identify the biochemical characteristics of strain AM134 T , enzyme activities, hydrolysis and acid production were compared with those of Microbulbifer epialgicus DSM 
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18651
T and Microbulbifer variabilis ATCC 700307 T . The novel isolate and reference strains were cultured on MA under optimal growth conditions for 48 h, and each cell biomass was used for biochemical tests. Oxidase and catalase activities were tested by indophenol blue production with 1 % (w/v) tetramethyl-p-phenylenediamine (bioM erieux) and bubble production with 3 % (v/v) hydrogen peroxide solution, respectively. Hydrolyses of starch and casein were tested by incubating the novel isolate on MA supplemented with 0.5 % soluble starch (JUNSEI) and 5 % skimmed milk, respectively. Hydrolysis of aesculin was identified by incubating AM134
T on MA supplemented with 0.1 % aesculin hydrate and 0.05 % ferric citrate. Hydrolyses of Tweens 20, 40 , 60 and 80 were tested by incubating isolates on MA supplemented with 1 % (v/v) Tweens 20, 40, 60 and 80, respectively. Urease activity of the isolate and indole formation were identified by incubating in MB supplemented with 2 % urea and 1 % tryptone, respectively. DNase activity was conducted by incubating AM134
T on DNase test agar (BBL) supplemented with 1.5 % (w/v) NaCl. Production of H 2 S was identified using Kligler iron agar (BBL) supplemented with 1.5 % (w/v) NaCl. The Voges-Proskauer test and methyl red assay were performed after 48 h of incubating AM134
T on MR-VP medium (Difco) containing 2 % (w/v) NaCl. Results of the Voges-Proskauer test were identified using 5 % a-naphthol and 40 % potassium hydroxide solution. The isolate showed the positive hydrolyses of starch, DNA, casein, urea and Tweens 40, 60 and 80; and negative aesculin hydrolysis, H 2 S production, indole formation, Voges-Proskauer and methyl red tests. Enzyme activities were verified by the API system using API ZYM test strips (bioM erieux) and API 20NE (bioM erieux), according to the manufacturer's instructions. Acid production from various carbohydrates was determined using API 50 CH test strips (bioM erieux) after culture in 50 CHB/E medium supplemented with 2 % (w/v) NaCl. Strain AM134 T was catalaseand oxidase-positive, which corresponded to results from other species of the genus Microbulbifer. The isolate shared some results with closely related species: all were positive for nitrate reduction, hydrolyses of starch, urea, and Tweens 80, 60 and 40, and all were negative for nitrite reduction, production of H 2 S and indole, Voges-Proskauer test and methyl red test. The isolate showed results that distinguished it from the closely related species, including hydrolysis of DNA, aesculin and casein, enzyme activities [lipase (C4), gelatinase, trypsin and b-glucosidase] and acid production from maltose, trehalose, glycogen and potassium 5-ketogluconate. The biochemical test results are given in the species description, and the differences in biochemical characteristics between strain AM134
T and the reference strains are shown in Table 1 .
Chemotaxonomic properties of strain AM134
T were identified through comparison of its cellular fatty acids, polar lipids and isoprenoid quinone composition with those of Microbulbifer epialgicus DSM 18651 T and Microbulbifer variabilis ATCC 700307
T . To investigate the cellular fatty acid composition, the novel isolate, Microbulbifer epialgicus
DSM 18651
T and Microbulbifer variabilis ATCC 700307 T were incubated for 48 h on MA plates containing 2 % sodium chloride at 30 C. According to the protocol used by the Sherlock Microbial Identification System (MIDI), cellular fatty acids were extracted [31] and analysed by gas chromatography (6890 Gas Chromatograph, Agilent Technologies) and the Microbial Identification software package (Sherlock version 6.2) based on the TSBA6 database [32] . The major cellular fatty acids (>15 % of the total) of the novel isolate were summed feature 8 (C 18 : 1 !6c and/or C 18 : 1 !7c) (19.4 %) and C 16 : 0 (16.4 %). C 18 : 1 !7c and C 16 : 0 are also major cellular fatty acids of the reference strains. However, the percentages of each fatty acid were different from those of Microbulbifer epialgicus DSM 18651 T and Microbulbifer variabilis ATCC 700307
T . The cellular fatty acid profiles of strain AM134
T and closely related species are presented in Table 2 . To determine the polar lipid composition and isoprenoid quinone composition, cells were grown T and closely related species were extracted according to the methods described by Xin et al. [33] and Collins and Jones [34] , respectively. The two-dimensional TLC method on a silica gel 60 F 254 plate (Merck) was used to separate the polar lipid components. Two different solvents were used for TLC development: chloroform/methanol/ water (65 : 25 : 4, by vol.) for the first dimension and chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.) for the second dimension. The reagents employed for detecting and identifying polar lipids were as follows [35] : 10 % ethanolic molybdophosphoric acid reagent (total lipids), ninhydrin reagent (amino-group-containing lipids), Zinzadze reagent (phospholipids) and a-naphthol reagent (glycolipids). The phospholipids were verified by onedimensional TLC with chloroform/methanol/acetic acid/ water (50 : 6 : 6 : 1, by vol.) using five standard compounds (Sigma), phosphatidylcholine, phosphatidylglycerol (PG), phosphatidylethanolamine (PE), phosphatidylserine (PS) and diphosphatidylglycerol. The polar lipids of strain AM134
T consisted of PE, PS, three unidentified aminophospholipids, two unidentified phospholipids, an unidentified amino lipid and six unidentified lipids. PG, which was present in the most closely related species was not observed in the novel isolate. The polar lipid profile of strain AM134 T was distinct from those of Microbulbifer epialgicus DSM 18651 T and Microbulbifer variabilis ATCC 700307 T (Fig.  S2) . HPLC with a reversed-phase Thermo ODS HYPERSIL C18 (250Â4.6 mm, Thermo Scientific) column was employed for analysis of isoprenoid quinone composition [36] . The major respiratory quinone in strain AM134
T was ubiquinone-8 (Q-8), which is the major quinone in the species of the genus Microbulbifer [9] . From the results of the respiratory quinone analysis, the isolate shared a similar quinone composition with Microbulbifer epialgicus DSM 18651 T and Microbulbifer variabilis ATCC 700307 T .
According to the results from phylogenetic, physiological, genotypic, biochemical and chemotaxonomic characterization, strain AM134 T showed a different phenotype from Microbulbifer epialgicus DSM 18651
T and Microbulbifer variabilis ATCC 700307
T . Therefore, the isolate is proposed to represent a novel species of the genus Microbulbifer for which the name Microbulbifer echini sp. nov. is proposed.
DESCRIPTION OF MICROBULBIFER ECHINI SP. NOV.
Microbulbifer echini (e.chi'ni. L. gen. n. echini of/from a sea urchin).
Cells are Gram-stain-negative, non-motile, strictly aerobic and catalase-and oxidase-positive. The rod cells are 3.3-5.5 µm long and 0.9-1.1 µm wide on MA in early cultures and the coccoid cells are 0.6-2.7 µm in diameter on MA in older cultures. Colonies on MA are circular (early cultures, diameter 0.1-0.15 cm), convex, glossy and opaque to transparent (old cultures, diameter 0.15-0.2 cm). Colour of colonies is ivory, becoming pale brown in older cultures. The range of NaCl concentration for growth is 1-8 % (w/v), and the optimum concentration is 2 % (w/v). The sodium ion is required for growth. The ranges of temperature and pH for growth are 10-36 C and pH 6.2-9. The optimal growth conditions are 30 C and pH 7. Positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase, nitrate reduction, and hydrolyses of gelatin, starch, casein, urea, DNA and Tweens 40, 60 and 80. Negative for nitrite reduction, hydrolysis of aesculin and Tween 20, production of H 2 The type strain, AM134 T (=KACC 18258 T =JCM 30400 T ), was isolated from the gut of a purple sea urchin (Heliocidaris crassispina) collected from the coastal waters of Dokdo Island in Korea. The genomic DNA G+C content of the type strain is 56.1 mol%. 
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